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Table 1
Associations of crepitus with incident tibiofemoral ROA.
N ¼ 7797 observations ¼ 2468 people Incident ROA Unadjusted Odds Ratio for Incident ROA Adjusted Odds Ratio for Incident ROA y
Crepitus Frequency Never 120/4993 (2.4%) Ref Ref
Rarely 26/859 (3.0%) 1.3 (0.8–2.0) 1.3 (0.8–2.0)
Sometimes 38/1217(3.1%) 1.3(0.9–1.9) 1.3(0.9–1.9)
Often 17/494 (3.4%) 1.5 (0.9–2.4) 1.5 (0.9–2.5)
Always 13/234 (5.6%) 2.4(1.3–4.4) 2.4(1.3–4.5)
P for trend ¼ 0.0037 P for trend ¼ 0.0073
yasadjusted for age, sex, and BMI.
Table 2
Associations of crepitus with incident tibiofemoral SOA. .
N ¼ 10840 observations ¼ 3599 people Incident SOA Unadjusted odds ratio for incident SOA Adjusted odds ratio for incident SOAy
Crepitus Frequency Never 277/7058 (3.9%) Referent Referent
Rarely 70/1176 (6.0%) 1.5(1.2–2.0) 1.6(1.2–2.1)
Sometimes 106/1634 (6.5%) 1.7(1.3–2.1) 1.8(1.4–2.3)
Often 47/605 (7.8%) 2.0(1.5–2.8) 2.2 (1.6–3.1)
Always 37/367(10.1%) 2.7(1.9–3.9) 2.9(2.0–4.3)
p for trend < 0.0001 p for trend < 0.0001
yAdjusted for age, sex, and BMI
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KNEE CARTILAGE AND QUADRICEPS MUSCLE LOSS AFTER
POSTERIOR CRUCIAL LIGAMENT (PCL) INJURY
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Purpose: Posterior cruciate ligament (PCL) rupture is a serious injury
that is associated with joint instability, structural changes in articular
tissues, and with a markedly elevated risk of incident knee OA.
Although the rate of knee cartilage and thigh muscle loss has been
described for various stages of radiographic knee OA, and also after
anterior cruciate ligament (ACL) injury, quantitative changes in cartilage
and thigh muscle tissue after PCL rupture and reconstruction have not
been previously reported. Detailed knowledge on such changes may be
useful as a model of “early OA”, and in monitoring the success of
therapeutic intervention by surgery, medication and/or physiotherapy.
Methods: 20 participants with PCL and other concomitant ligament
injuries, and consecutive reconstructive surgery, were examined. Sagittal
high-resolution MR images (3D VIBE) of the injured knee, and axial
images (T1w SE) of both thighs were acquired between 4-15 (8.63.2)
years after PCL surgery. 15 participants (12 men, 3 women; age 38.79.5
yrs.) also had a follow-up exam 40761 days later, using the same MRI
scanner and imaging sequence. Manual segmentation of the knee carti-
lages (medial and lateral tibia, medial and lateral weight-bearing femoral
condyle, patella, and femoral trochlea), and of the quadricepsmuscle, was
performed using proprietary software. From these segmentations, the
cartilage thickness was computed at baseline and follow-up, side differ-
ences in muscle anatomical cross sectional areas (ACSAs) at baseline, and
the annualized longitudinal rate of change in the above measures.
Results: The femorotibial cartilage loss was -204mm (-2.6%) p.a. [95% CI:
-301, -108mm] and that in the femoro-patellar joint -132mm (-2.9) p.a.
[95% CI -194; -69). The thickness changes were greater in the medial
than in the lateral femorotibial plates, and greater in the patella than in
the femoral trochlea (Table 1). At a subregional level, the greatest rates
of femorotibial cartilage loss were observed in the internal subregionsTable 1
Rate and sensitivity of change of cartilage thickness loss in the knee after PCL rupture
Cartilage Plate (Label) Mean change absolute M
Medial tibia (MT) 69  76mm 
Medial femur (cMF) 70  60 mm 
Lateral tibia (LT) 32  85 mm 
Lateral femur (cLF) 33  36 mm 
Patella (P) 85  68 mm 
Trochlea (Tr) 47  62 mm of the medial and lateral tibia (-132mm/-93mm respectively), and in the
internal aspects of the medial and lateral femoral condyles (-82mm/-
37mm). At baseline, limbs with PCL injury had -3.54.:8cm2 (-4.77.5%)
lower quadriceps ACSAs than contra-lateral limbs, and the side differ-
ences showed a weak association with time after injury (r ¼ -0.22 [95%
CI -0.60;0.25]. No signiﬁcant change in quadriceps ACSA was observed
during the 1-year observation period, neither in PCL (p ¼ 0.81) nor in
contralateral knees (p ¼ 0.45).
Conclusions: Large rates of annual knee cartilage losswere observed after
PCL rupture and reconstruction. These rates were greatest in the medial
femoro-tibial compartment (particularly in the internal subregions), and
in the patella. The observed rates of change exceed those typically seen in
kneeswithadvancedkneeosteoarthritis, i.e. kneeswith radiographic joint
space narrowing (KLG3). They also markedly differ from cartilage thick-
ness changes in (young) patients observed within 5 years of anterior
cruciate ligament rupture (and repair), inwhom cartilage thickening was
reported. Quadriceps atrophy relative to the contra-lateral kneewas seen
atbaseline, butnosigniﬁcant changewasobservedover timeduring the1-
year follow-up period. These ﬁndings indicate thatmuscle lossmay occur
at some point after PCL injury and/or reconstructive surgery, but may not
represent a continued process. PCL rupture may be a particularly suitable
as amodel of “earlyOA”, because the timepoint atwhich thepathogenetic
process is initiated is precisely known. The model also has the advantage
that relatively large rates ofmedial femorotibial and patellar cartilage loss
are seen over relatively short periods of time, with the opportunity to test
the of therapeutic intervention by preventive medication or other ther-
apeutic measures in an efﬁcient manner.
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KNEE PAIN OUTCOMES IN PERSONS DISCORDANT FOR
RADIOGRAPHIC HIP OA: DATA FROM THE OSTEOARTHRITIS
INITIATIVE
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3.9% 111 27
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1.5% 79 +15
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3.4% 122 47
2.2% 81 13
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Purpose: We evaluated if subjects discordant for radiographic hip
osteoarthritis (RHOA) had worse pain over 6 years in the knee con-
tralateral to the hip with greater OA than in the ipsilateral knee, as has
been suggested by studies of persons with unilateral hip replacement.
Methods: Using a paired-knee case-control design, we studied 228
subjects in the Osteoarthritis Initiative (OAI) database who were dis-
cordant for RHOA at baseline and had Kellgren-Lawrence grades 0-1 in
both knees. OAI baseline pelvis radiographs were analyzed for indi-
vidual radiographic features (IRFs) of hip OA using the OARSI atlas, and
hips were classiﬁed as deﬁnite RHOA (Croft grade  2 or deﬁnite
osteophytes or deﬁnite JSN), possible RHOA (IRFs present but not def-
inite, e.g. isolated grade 1 osteophyte or joint space narrowing), or
normal. Three subgroups of subjects were discordant for RHOA between
limbs: 1) normal/possible (n ¼ 136); 2) possible/deﬁnite (n ¼ 64); and
3) normal/deﬁnite (n ¼ 28). An individual’s contralateral (“case”) and
ipsilateral (“control”) knee was identiﬁed in relation to the limb with
greater RHOA. Knee pain was assessed annually for up to 6 years using
the WOMAC and KOOS pain subscales, each of which was analyzed as
follows: Pain levels at baseline in the contralateral and ipsilateral knees
were compared using conditional logistic regression, whereas longi-
tudinal trajectories in the pain levels in contralateral and ipsilateral
knees were analyzed using a group-based joint trajectory model. We
used the model to identify and estimate distinct 6-year trajectories of:
pain in the control knee (Outcome 1) and case-control difference in
knee pain (Outcome 2), applying the Bayes Information Criteria to select
the number of “groups” (subsets of subjects) per outcome having dis-
tinct trajectories. While case-control differences (Outcome 2) are of
primary interest, including Outcome 1 in the joint model facilitates its
interpretation.
Results: At baseline, the median (interquartile range) WOMAC pain
level was 0 (0, 2). Contralateral vs. ipsilateral knee was not associated
withWOMAC pain level: the odds ratio (OR) for having greater WOMAC
knee pain in the contralateral knee was 1.02 (p ¼ 0.74) in all subjects;
the results were similar in all three subgroups of discordant RHOA. The
trajectory analysis identiﬁed 3 trajectory groups (TrjGp) per outcome
(Fig. 1). 52% of ipsilateral knees had no or very low pain at baseline,
which remained constant over time (TrjGp 1); 33% knees had mild pain
that increased slightly over time (TrjGp 2); and 14% had moderate pain
that improved slightly over time (TrjGp 3). For the difference in pain
between a subject’s knees, a majority (88%) had no difference in pain
that was stable over 6 years (TrjGp 2*). The other two groups identiﬁed
by the model had approximately equal percentages: 5.2% had worse
knee pain in the contralateral knee at baseline (TrjGp 3*) and 7.0% had
worse pain in the ipsilateral knee at baseline (TrjGp 1*); in both groups,
the differences in pain between knees diminished with time. Adjust-
ment for degree of discordance of RHOA at baseline did not signiﬁcantly
(p > 0.05) impact changes in knee pain discordance over 6 years
(Outcome 2). Results for KOOS pain were similar (not shown).Fig. 1. Trajectories for WOMAC pain changes over 6 years in the ipsilateral
knee [Model 1, left] and for the difference between the contralateral and
ipsilateral WOMAC scores [Model 2, right]. The dashed lined represent
95% conﬁdence intervals.
Conclusions: This study found that in subjects whose RHOA status was
discordant between hips, long-term knee pain outcomes did not differ
between limbs contralateral or ipsilateral to the hip with worse RHOA.
Despite having unilateral RHOA, most subjects had similar pain in both
knees, includingmanywith little or no pain, during 6 years of follow-up.
Further studies are needed to determine if discordance in pain between
an individual’s hips affects knee pain outcomes.300
THE RELATIONSHIP BETWEEN PATIENT-REPORTED OUTCOMES AND
PHYSICAL IMPAIRMENTS IN PEOPLE WITH EARLY HIP
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Purpose: Favourable outcomes are observed following hip arthroscopy,
for up to 10 years post surgery. However those with more severe joint
degeneration at hip arthroscopy have worse outcomes than those
without. If impairments in hip ROM and strength are associated with
poor outcome when OA is in its early stages, modiﬁcation of these
impairments with therapeutic interventions may improve outcomes
prior to advancement of the disease process. The aims of this study
were to: i) determine whether measures of physical impairment of the
hip (hip joint range of motion (ROM) and hip muscle strength predict
patient-reported outcomes (PRO) in patients with chondropathy fol-
lowing hip arthroscopy; and ii) determine whether predictors of out-
come are different between men and women.
Methods: This was a prospective longitudinal cohort study conducted
in a community setting. Participants included 72 patients with hip
chondropathy ( Outerbridge I) (41 female; age ¼ 3812; height ¼
1.740.09m; weight ¼ 7913kg; BMI ¼ 276kg/m z) who were
recruited, 12–24 months post hip arthroscopy by a single surgeon.
Collection of participant characteristic data and measures of physical
impairment) occurred at 12-24 month post-surgery (baseline) and
primary outcomes collected following a 12 month observation period.
The primary outcomes were the Hip Osteoarthritis and Disability Out-
come Score (HOOS) and the International Hip Outcome Tool (iHOT-33).
Participant characteristics included: age, gender, height, weight, waist
girth, body mass index (BMI). Predictor variables included age, height,
weight, body mass index (BMI), time since surgery and measures of
physical impairment, including hip joint ROM and hip muscle strength
(peak torque normalized for body weight). Independent t-tests deter-
mined differences in participant characteristics between genders.
Pearson’s correlation coefﬁcients were calculated to explore relation-
ships between the dependent variables (subscales of the HOOS, the
iHOT-33) and predictor variables (participant characteristics (age,
height, weight , BMI and time since surgery), and measures of physical
impairment (range and strength)) in men and women. To determine
whether baseline measures or measures of physical impairment were
signiﬁcant predictors of PRO, participant characteristics and impair-
ment variables that were signiﬁcantly correlated to any PRO measures
were entered into a series of stepwise multiple linear regression anal-
yses. Signiﬁcance was set at p < 0.05 a priori.
Results: There were signiﬁcant between-gender differences for par-
ticipant characteristics, with women being older (mean difference (MD)
7 95% conﬁdence interval (2 to 12) years) than men, and men being
taller (MD 14(11 to 17) cm), heavier 13(8 to 18) kg), with greater time
since surgery (MD 2(0 to 4) months) than women. Multiple regression
analyses revealed that in men, reduced hip ﬂexion range (r z ¼ 0.310-
0.530; p ¼ 0.005 to < 0.001) predicted worse outcomes on all HOOS
subscales and iHOT-33; whilst weaker hip abduction strength (r z ¼
0.263-0.360; p ¼ 0.010 and p ¼ 0.002) predicted worse HOOS pain and
ADL subscales. In women reduced hip ﬂexion range (r z ¼ 0.107-0.167; p
¼ 0.046 to 0.016) predicted worse HOOS symptoms, ADL, sport, quality
of life and iHOT-33; whilst reduced hip extension, abduction, adduction
and external rotation strength (r z ¼ 0.140-0.207; p ¼ 0.026 to 0.008)
predicted worse outcomes on all HOOS subscales and the iHOT-33.
Conclusions: In summary, the ﬁndings of this study indicate that hip
joint ROM and hip muscle strength atw18 months post hip arthroscopy
do predict outcome in patients with hip chondropathy 12 months later.
Impairments predicting outcome differed between men and women.
Whilst greater hip ﬂexion ROM predicted better self-reported outcomes
in men and women, the relationship between hip muscle strength and
outcome varied between genders. In men, hip abduction was the only
strength measure to predict outcome. However in women, a variety of
strength measures, including abduction, adduction, extension and ER all
predicted outcome. These relationships are modest, with a large pro-
portion of the variability accounted for by factors thatwere not evaluated
in this study. Nonetheless it appears that these impairments could be
targets for conservative treatment regimes. It is likely that females require
rehabilitation programs of greater diversity, incorporating strength
training for awider variety of hipmuscles following hip arthroscopy. This
